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Background: B2 Gatewell Improvements

• VBS and gatewell mods occurring to improve FGE

• Operations span 1% efficiency range

• Descaling and mortality increase noted at high flows with modifications in place2001-2007
• Larger VBS, gap closure device, and turning vanes in place

• Operations in mid range and lower portion of 1% efficiency range

• Best source of comparison for new configuration2008-2013
• Configuration changing: Installation and removal of plates, followed by installation of 

concrete corbels and VBS porosity modifications to manage gatewell flow and 
turbulence

• Operations in mid range and lower portion of 1% efficiency range
2014-2023

• VBS Porosity Modifications and Concrete Corbel Installation Completed

• Post Construction Evaluation (This Study)2024
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Objectives

1. Create a timeline of B2 gatewell modifications and operations to establish points of comparison.

2. Estimate descaling and mortality percentages for juvenile salmonids (all species combined) sampled in the Bonneville 
Dam JFF as part of the SMP during turbine unit (modified with corbel and VBS porosity change) operations in the middle 
and upper end of the 1% peak efficiency range in spring and summer, 2024. 

a. Statistically compare descaling and mortality percentages between mid and upper 1% peak efficiency range (modified 
with corbel and VBS porosity change) operations separately for spring and summer in 2024 to test the following 
hypotheses:

i. Descaling (D): H0: Dupper = Dmid; HA: Dupper ≠ Dmid

ii. Mortality (M): H0: Mupper = Mmid; HA: Mupper ≠ Mmid

b. Non-statistically compare descaling and mortality percentages observed in 2024 to the range of descaling and 
mortality percentages observed in past years (2008–2013) separately for spring and summer:

i. 2024 upper 1% peak efficiency range vs. 2008–2013 mid 1% peak efficiency range

ii. 2024 mid and upper 1% peak efficiency range vs. 2008–2013 mid and upper 1% peak efficiency range 

3. Conduct a pilot-scale effort to evaluate run-of-river juvenile salmonid VBS impingement during mid and upper 1% peak 
efficiency range operations in a corbel-modified gatewell (15A) and an unmodified (no corbel) gatewell (15C). 
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Methods: Fish Descaling and Mortality

• Smolt Monitoring Program
▪Daily samples in the Juvenile Monitoring Facility to 

estimate descaling and mortality  
✓No change to standard sampling protocol

• Consistency with many years of data collection

✓24-hour sample ends at 0700h

✓Combine all salmonids in the sample for measures of 
descaling and mortality 
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Methods: Treatment Conditions

• Mid 1% or Upper 1% Treatments
▪ Upper 1%: Near upper 1% (~within 0.5 kcfs below limit)

▪ Mid 1%: 13-15 kcfs

• All operating turbines at B2 maintain treatment flow range 
▪ Turbines can go on or off, but maintain treatment range when on

▪ Apply treatment for the 48-hour period prior to sample end at 
0700h to account for fish that do not exit the bypass system 
within 24 hours.

▪ Limit gatewell disturbances 
✓Conduct VBS cleaning in the earliest part of the 48-hour treatment

✓Sonars or cameras in gatewell for impingement on non-treatment days
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Methods: Treatment Comparison

• Block study design 
▪Spring and Summer

▪Treatments randomly assigned within blocks

• Sample collected for the last 24 hours of 48-hour 
treatment

• Contrast descaling and mortality
▪Mid 1% vs Upper 1%
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Methods: Historical Comparison

Seasonal mean rates of descaling and mortality measured in 2024 
treatment sample days vs weekly means for 2008 through 2013.

• Historic Mid 1% 
▪ SMP weeks when units operated in the mid 1% range ≥80% of the time and >100 

fish were sampled

▪ N= 11

• Historic Mid & Upper 1%
▪ SMP weeks when units operated in the mid & upper 1% ranges ≥80% of the time 

and >100 fish were sampled

▪ N= 25
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Implementation:Low River Flow Conditions in 
2024
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• The transition from spring 
to fall Chinook in the SMP 
sample occurred earlier 
than expected ~5/28

• The last blocks in spring 
were changed to summer 
blocks

Implementation: 
Species 
Composition

Spring Summer
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Block SMP Sample Day Treatment

1 4/22 Mid
1 4/24 Upper
2 4/27 Mid
2 4/29 Upper
3 5/1 Upper
3 5/4 Mid
4 5/6 Upper
4 5/8 Mid
5 5/11 Mid
5 5/13 Upper
6 5/15 Upper
6 5/18 Mid
7 5/20 Mid
7 5/22 Upper
8 5/25 Upper
8 5/27 Mid
9 5/29 Mid
9 6/1 Upper

10 6/3 Mid
10 6/5 Upper

• 10 planned blocks

• Last 2 blocks dominated 
by summer species: 
Moved to summer study

• 8 blocks in spring study 
period

Implementation: 
Spring Treatment 
Schedule Shortened
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Block SMP Sample Day Treatment

-1 6/1 Upper

-1 6/3 Mid

0 6/5 Upper

0 6/8 Mid

1 6/10 Upper

1 6/12 Mid

2 6/15 Upper

2 6/17 Mid

3 6/19 Upper

3 6/22 Mid

4 6/24 Mid

4 6/26 Upper

5 6/29 Upper

5 7/1 Mid

6 7/3 Upper

6 7/6 Mid

7 7/8 Mid

7 7/10 Upper

8 7/13 Mid

8 7/15 Upper

9 7/17 Mid

9 7/20 Upper

• 9 planned blocks

• Early shift to summer 
species: 2 blocks added 
to start of season

• 11 blocks in summer 
study period

Implementation: 
Summer Treatment 
Schedule Expanded



13

• Flows often exceeded 1% 
limit in spring

▪ Appeared to be following 
FPP table pre-2022

• Flows slightly off even in 
Mid 1% range

▪ Forebay elevation issue

▪ Correction required

Implementation: 
Treatment  Levels

Pre-2022 1% limitCurrent 1% limit
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• Old Upper 1% limit can 
exceed the current limit 
by more than 1 kcfs

• Operation well above 1% 
limit for some days in 
spring

Implementation: 
Example Day 
Exceeding New 
Upper 1% Limit
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• Bad readings for B2 
forebay elevation sensor 
used to compute head 
and flow (treatments)

• B1 Elevation sensor used 
to estimate corrected flow

• Accuracy of the 
correction is uncertain

Implementation: 
Sensor Issues 
Inflate Uncertainty 
Around Unit Flow
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• Spring analysis done with 
and without high-flow 
blocks

▪ Illustrate the influence of 
high-flow days

▪ Show results more 
consistent with current 
upper 1% range

Implementation: 
Spring High Flow 
Days Censored
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Result: Spring Treatment Comparison
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Result: Spring Treatment Comparison
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Result: Summer Treatment Comparison
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Result: Summer Treatment Comparison
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Results:Descaling Treatment Comparison

Season SMP days Trtmnt Total N Desc N Desc % Cohen's h Odds 
Ratio P-Value Power

Spring All
Mid 1737 34 1.96%

-0.06124 0.669621 0.04156 0.5803Upper 4421 128 2.90%

Spring 25 & 32 
excluded

Mid 1737 34 1.96%
-0.03831 0.771281 0.2389 0.2534Upper 3329 84 2.52%

Summer All
Mid 2415 24 0.99%

-0.13635 0.348895 8.15E-07 0.9993Upper 3468 97 2.80%
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Results: Mortality Treatment Comparison

Season SMP days Trtmnt Total N Mort N Mort  % Cohen's h Odds 
Ratio P-Value Power

Spring All
Mid 1737 8 0.46%

-0.05941 0.482463 0.0582 0.5549Upper 4421 42 0.95%

Spring 25 & 32 
excluded

Mid 1737 8 0.46%
-0.0306 0.665124 0.3502 0.1786Upper 3329 23 0.69%

Summer All
Mid 2415 8 0.33%

-0.14866 0.188823 1.56E-07 0.9999Upper 3468 60 1.73%
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Results: Spring 2024 Comparison to Historical 
Descaling
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Results: Spring 2024 Comparison to Historical 
Mortality
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Results: Summer 2024 Comparison to Historical 
Descaling
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Results: Summer 2024 Comparison to Historical 
Mortality
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Conclusions: Spring

• Caveats

▪ Turbine discharge levels not held to treatment levels in spring

• Descaling significantly different only if days retained despite exceeding flow 
limits

• Mortality nearly significantly different only if days retained despite exceeding 
flow limits

• 2024 Upper 1% descaling and mortality fell at upper range of historic mid 1%, 
but were in the middle of the range for historic Mid+Upper 1% conditions
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Conclusions: Summer

• Descaling and mortality significantly different between treatments during 
summer

• Descaling during 2024 Upper 1% was high compared to historic mid 1% 
range, and was near the upper range for historic Mid+Upper 1%

• Mortality during 2024 Upper 1% was near the upper range of historic mid 1% 
range, and was near the middle to upper range for historic Mid+Upper 1%
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Next Steps

• Available for discussion with SRWG

• Report available for review in April

• Future Research Ideas

▪ Repeat study

✓ Avoid uncertainty from flow correction

✓ Different flow year

✓ Spring: Match operations to current upper 1% range

✓ Summer: Reduce upper treatment range 

• Mid 1% vs a selected range between mid and upper 1%

▪ Look into the implications of lower sample numbers during Mid 1%

✓ How much is BON PIT detection rate reduced

✓ How much is FGE reduced

✓ How does that affect routing and survival and by how much
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Additional 

Materials

Follow



1% Peak Efficiency Changed in FPP
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Results: Spring Descaling And Mortality by Block

SMP Sample 

Date Block Treatment % Desc % Mort Total sampled

4/22/2024 1Mid 1.4 0.4 279

4/24/2024 1Upper 1.4 0.3 772

4/27/2024 2Mid 0 0.8 132

4/29/2024 2Upper 2 0.8 609

5/1/2024 3Upper 2.4 0.5 626

5/4/2024 3Mid 4.2 0 190

5/6/2024 4Upper 3.4 0.9 569

5/8/2024 4Mid 3.5 0.9 228

5/11/2024 5Mid 2.4 0.8 125

5/13/2024 5Upper 2.6 1 504

5/15/2024 6Upper 4.4 2.7 586

5/18/2024 6Mid 1.5 0.8 394

5/20/2024 7Mid 0.6 0 324

5/22/2024 7Upper 3.6 0.6 506

5/25/2024 8Upper 5.7 1.2 249

5/27/2024 8Mid 4.6 0 65
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Results: Summer Descaling And Mortality by 
Block

SMP Sample Date Block Treatment % Desc % Mort Total sampled
6/1/2024 -1 Upper 2.3 1.3 304
6/3/2024 -1 Mid 0 0 104
6/5/2024 0 Upper 2.6 2.1 386
6/8/2024 0 Mid 0.7 0.7 271

6/10/2024 1 Upper 4.4 2.9 306
6/12/2024 1 Mid 1 0 294
6/15/2024 2 Upper 3.3 1.9 213
6/17/2024 2 Mid 1.4 0.5 218
6/19/2024 3 Upper 4.6 0.8 376
6/22/2024 3 Mid 2.8 0.7 145
6/24/2024 4 Mid 3.6 0 110
6/26/2024 4 Upper 10 1.3 304
6/29/2024 5 Upper 2.7 6.8 118
7/1/2024 5 Mid 4.1 0.8 122
7/3/2024 6 Upper 3.7 2 248
7/6/2024 6 Mid 0.7 0.3 308
7/8/2024 7 Mid 0 0 93

7/10/2024 7 Upper 0.1 0.9 697
7/13/2024 8 Mid 1.3 0 80
7/15/2024 8 Upper 0 2 350
7/17/2024 9 Mid 0 0.3 670
7/20/2024 9 Upper 0 1.2 166
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